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DISCLAIMER: This manual is unpublished material. The information contained herein is provisional and is intended oaiyde arstarting

point for the identification of Isoperlawithin North Carolina. While many of the species treated here can be found in other eastern and

southeastern states, caution is advised when attempting to identi§pperlaoutside of the study area. Revised and corrected versions are
likely to follow.

The user assumes all risind responsibility of taxonomic determinations made in conjunction with this manual.

Recommended Citation

Beaty,S.R. 2015. A morass [Hoperlanymphs (Plecoptera: Perlodidae) in North Carolina: a photographic guide to their identification.
Department of Environment and Natural Resources, Division of Water Resources, Biological Assessment Branch, Raleigh.

Nymphs used in this study were reared and associated at the NCDENR Biological AsseBsamehtlab BAB) unless otherwise noted.

All photographs in this manual were taken by the Eric Fleek (habitus photos) and Steve Beaty (lacinial photos) unless stinetedl. They may be used with proper credit.



Keys and Literature for eastern Neardg8operla
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Frison, T. H1935. The Stoneflies, or Plecoptera, of lllinditinois Natural History Bulletir20(4): 281471.
A while not containing species of isoperlids that occur in NC, it does contain valuable habitus and mouthpart illustfatpEwes that are similar to those
found in NC (Ibilineata, | richardsoi

Frison T. H. 1942. Studies of North American Plecoptera with special reference to the fauna of llliimisis Natural History Bulletin22(2): 235-355.
A habitusof . bilineata, dark form (similato I. poffi
A habitus, maxilla , mandibles dfburksi, I dicala, | lata (so far inseparable frorh pseudosimilis 1. orata, and|. similis/pseudosimili§roups (asl. similig
A habitus , maxilla of. holochlora, I. slossonaandl. transmarina

Hitchcock S. W. 1974. Guide to the Insects of Connecticut: Part VII. The Plecoptera or Stoneflies of Connecticut. State Gaalbdiediiral History
Surveyof Connecticut Bulletin 107: 19211
A widely used key for eastefisoperlanymphs, inadequate as many species not treated

Pescador, M. L., A. K. Rasmussen, B. A. Richard. 2000. A Guide to the Stoneflies (Plecoptera) of Florida. Florida Deyddtmeanmental Protection
Divisionof Water Resources Management, Tallahassee. 94 pp. + 72 p. Appendix
A head, pronotum, and abdominal segmentsl afavisi(after Szczytko, unpublished material)

Poulton, B. C. and K. W. Stewart. 1991. The stoneflies of the Ozark and Ouachita Mountains (Plecoptera). Memoires of tleaiE@omological

Society, No. 38: 116.
A head, pronotum, lacinia, and abdominal segments. bilineata, I. burksi, davisi(asl. coushatt, I. dicala,andl. namata(currently inseparable from.
kirchnericomplex)

Sandberg, J. B. 2011. Tis®perlaof California (Plecoptera: Perlodidae); larval descriptions and a key to 17 Western Nearctic species. llliesia 7(22):
202-258.
A treats only western species but it contains morphological terminology on which the current study is based; an exceltttopubli

Stewart, K. W. and B. P. Stark. 2002. Nymphs of the North American stonefly genera (Plecoptera), Second Edition. Ther&sddislumbus, Ohio.
Xii+510 pp.
A chapters on life history, behavior, morphology and on each family
A the standard for genus level identifications of stoneflies and must have for general aquatic taxonomists

Stewart, K. W. and B. P. Stark 2008. Chapter 14. Plecoptera. pf8841in R. W. Merrit, K. W. Cummins and M. B. Berg (editors). An Introduction to the
Aquatic Insects of North America, Fourth Edition. Kendall Hunt Publishing. Dubuque, lowa. pp 1158.
A widely used resource for aquatic insect identifications; family and genus level only

Unzicker J. D. and V. H. McCaskill. 1982. Plecoptera, Chapter 5 (50 pp.). In A. R. Brigham, W. U. Brigham, and A. GnilkaAgqdatcsnsects and
Oligochaetesf North and South CarolinaMidwest Aquatic Enterprises, Mahomet, lllinois. 837pp
A key adapted from Hitchcock for NC andsp€cies only



Keys and Literature for eastelsoperla
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Hitchcock S. W. 1974. Guide to the Insects of Connecticut: Part VII. The Plecoptera or Stoneflies of Connecticubeslatical andNatural History
Surveyof Connecticut Bulletin 107: 19211

Poulton, B. C. and K. W. Stewart. 1991. The stoneflies of the Ozark and Ouachita Mountains (Plecoptera). Memoires of tleiE@omological
Society, No. 38: 116.
A contains many useful illustrations of the male aedeagus, female subgenital plate and adult head patterns of the sjgected prehe previous nymph
section

Stewart, K. W. and B. P. Stark 2008. Chapter 14. Plecoptera. pi8841n R. W. Merrit, K. W. Cummins and M. B. Berg (editors). An Introduction to the
Aquatic Insects of North America, Fourth Edition. Kendall Hunt Publishing. Dubuque, lowa. pp 1158.
A widely used resource for aquatic insect identifications; family and genus level only

Szczytko, S. W. and B. C. Kondratieff. 2015. A review of the Eastern Nearctic Isoperlinae (Plecoptera: Perlodidae) datittiptionof twenty-two new
species Monographs of llliesia, No. 1:-289.
A available online afttp:// illiesia.speciesfile.org/html/monographs_1.html
A recentlypublished, this excellent work treats males, females and eggs of all previously known eastern Nearctic species asnealisge@i2s of which at
least 16 are found iNC

SzczytkgS. W. and B. C. Kondratieff. 2015 Photographic atlas of the Easteitearctic Isoperlinae (Plecoptera: Perlodidag)ecies Monographsof

llliesia, No.2: 1-124.
A available online alttp://illiesia.speciesfile.org/html/monographs_1.html
A companion to the Isoperlinae monograph above

DeWalt, R. E., M. D. Maehr, U. NeBecker and GStueber, DC.Eades2015.Plecoptera Species File Onlinéersion5.0/5.0. [17 Aug. 2015]
A http:// plecoptera.speciesfile.org/
A search taxa, synonyms, and literatutke best alin-one stonefly resource on the web

llliesia - International Journal of Stonefly Research
A only online journal with research articles on all things stoneflies
A free access atttp://www2.pms-j.si/illiesia

NOTE:This list is not complete as there are many publications treating only one or two species or dealing with life historfas(atnost) complete list
of literature concerning both eastern and westdsoperlais available upon request.
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Proposed names based on nymphal patterns

Dralimin - 1deantificatinn nflc - cnecias/dl NG:
=Tellminary [denticaton OlSOperiaspeciesS/grouPs 1
NOEH €alolina Baseon nymphal aditus

Isoperla burksi Isoperlapowhatan
Isoperla davisi Isoperla similis/pseudosimili§&roups
Isoperla dicala Isoperlabellona
Isoperlacf. fauschi Isoperlacherokee
Isoperlafrisoni EEperapEl
: Isoperla pseudosimilis

Isoperla holochlora; light form Isoperla reesi
Isoperla holochlora; dark form Isoperla starki
Isoperlakirchneri complex Isoperla stewarti

Isoperla kirchneri Isoperlaslossonae

Isoperlamontana IsoperladCollins/ N sp.

Isoperlasiouan Isoperlad a | & #h. spv €

Isoperla tutelo
Isoperla lata/pseudolata
Isoperla orata
Isoperla poffi

Isoperlanr. holochlora
Isoperlanr. transmarina
Isoperlasp. 10

NOTEThe species names and groupings above based solely on nymphal patterns and morpholadyymphs of species that are not currently separable are
LX  OSR (23SUKSNI da SAEKSENIGR NROZVRHYEE SEZNAIR dASRIZIIVEORSYy 23S ONBLIGIAO 2NJ
ySOSaalNAfte aAadsSNI alLlSOASao ¢KS $2NR G3INERdIzLE NB F S N#in thie2nosdi récent iedana@.S NJ a
Thesegroupings differ somewhat from the adult species groups proposed in Szczytko and Kondratieff (2015) and are not meanety mphpete with

those groups. The proposed names simply allow for consistent identifications to be made esgamal biologists anthxonomists. Asymphs are the most
commonly encountered forrof Isoperladue mainly to their presence in routine aquatic bioassessmantples andheir importance as biologicadicators,

the need for accurate identification and placement cannot be overstated.

Isoperla lenatil. nelsoniand | . zuelligiare not placed above and cannot basilygrouped. The nymphs of these species are currently unknown and,

Ff 0K2dzAK GKSANI ARSYGAGASE I NB adzaLISOGSRE FNB y20 (MBINESR aAlyd GMRAE YNBSS d
currently being described as new species or can usually be separated from other known gpeasess made forseparation of thenolochloracomplex

which containd. holochloraight and dark formsl. powhatan andl. nr. holochlora Identification of thes@ymphs is relatively easy and, firther

investigateand understand the relationship of these species, is necessary to retain distributional and seasonal differences.
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Preliminary Identificationhead morphology

labrum

i

anterior fronaclypeus (frons)

e

epicranial sutures
(ecdysial lines)

pale Mshaped pattern (width of arrow; median pale area included)
lateral arms to M pattern

anterolateral spot

anterior frontoclypeabrea (AFA always pale)

median pale area

pale ocellar spot

outer lateral ocellar pale area (OLOP)
mediolateralspot (to ocellatriangle)

apow
Se ™o

NOTE:It is assumed that the user of this document has a general knowledge of stonefly morphology. Therefore, additional diicéings other morphological characters
of the thorax and abdomen are not presented here. However, significant taxonomic characters specific to certain spgEesfghighlighted on the relevaspecies/group
page. One cavealffhe following taxonomic notes are basmulate to ultimate instar nymph#. youcannotsee posteriorly developed wingpathey need not be black wing
pads) it may be necessary to leave identifications of some specimens at genus leveto Referart and Starkk002) for a comprehensive review of stonefly morphology.

In the following species/group treatments, taxonomic characters are presented in this order: head, thorax, abdomen, ngathgpaverall size. Important diagnostic

OKI NI OiSNA I NB 62tRSR yR AldlfAOAT SRo® Il RRAGAZ2Y I f  AmApFcoMd HypeRinks/badk t0 the INBphsS ghd SR d:
morphology pagearelocated at the top of each treatment pageolerance valuesefers to those used in North Carolina Biotic Index (updated in 201@dnd S Rrecordgp n
Distribution maps are based on up to 35 years of BAB benthic collection data.

Descriptions that are in progress for some species not treated in Szczytko and Kondratieff (2015) are noted. Alsdjienfationadus key fotsoperlanymphs of NC is
planned (after Sandberg, 2011) and is awaiting genetic analysis of nymphs and adults atebpetarearings.



Preliminary Identificationlacinial morphology

from Sandberg, 2011

maxillary palp

submargin
setae/spir)lés

marginal setae/spines

la. Submarginal row groups (A) and (B), Marginal row (C), Ventral surface setae

seta (DS) not included in submarginal row counts (Table 1). Maxilla measurements
(red lines): Apical tooth length (ATL), Subapical tooth length (STL), Apical palm
width (PWA), Palm angle (PA), Palm length (PL), Basal palm width (PWB), Galea
length (GL), and Palp segment lengths (3).1

a. dtiff, stout spines
b. thin, hairlike setae

lacinial palm

2. Maxilla ofilsoperlad / 2 £ €A Y@ /aMNJD
(D), Dorsal surface setae (DSS) not illustrated, Thin marginal seta (TMS), and Dorsal

NOTE:Do not confuse submarginal setae with marginal setae. Submarginal setae are removed from the palm edge and typicadlytbatiase of the apical tooth and
run beside both the subapical tooth and the stiff marginal setae. As laciniac@&r8ctures, the submarginal setae orig@aiose to the margin but diverge from the
marginalsetae as onenoves apically along the length of a seta. Submarginal setae are mostly ignored in the following species treatmentspadthmirgdry analysis

suggest they may be valuable in separating some cryptic species.

Lacinial shape is an effective diagnostic character for species determinations.

Most species have lacinia that retselbasenand narrow in width towards the apical

tooth. A lacinia that does not recede maintains its basal width for most of the palm length and then abruptly narroied toaih. A lacinia that recedes evenly
maintains a relatively straight line from the palm base to the apical tooth (although sothdations may be present).

Accurate counting aiarginal andsubmarginaketaerequiresslide mountedspecimens and patiencelhe difference between stiff, stout setae and thin, Hdie setae is
sometimes hard to differentiate. A goadle-of-thumb is to count only those setae that are readily visible uriéléXas stiff stoutsetae (after slide mounting, of course).



DistributionsMaps

- Mountains (Level |Il)
Piedmont (Level IIl)
Carolina Slate Belt (Level V)
Sand Hills (Level V)

Southeastern Plains/Coastal Plain (Level IIl)

County Boundary

River Basin Boundary

Level Ill Ecoregion boundary

Approximate Levelll and select Level IV ecoregions within Noarolina.The selected_evel IV ecoregionare significantwith
regards toaquatic insect distributions

Distribution maps are based doth NC DWR larval records and include data as far back as 1978 for some species. Additional records such as those fréfortearang e
also included on the maps, amdsome cases, may be the only records available. Some distribution maps depict only specim@mesypiib habitusorm (i.e. a group or

complex) and do not represent individual species ranges.maysbe dueo the historical nature of the distribution data and/or old or dubious spedéssgnations as well
as the difficulty in separating some species.

Qutlier records were analyzed by-examining the specimens and were either validated or rejected. In the cases where theespeeiare not able to be located the
records in question were left in the analysis.

Ecoregions are modified from Griffigt al. (2002. Two Level Ill ecoregions, Southeastehains and the Middle Atlantic Coad®ain, were combined simply into Coastal
Plain by DWR biologistBoth the Southeastern Plains and Middle Atlantic Coastal Plain are east of thénEathich appears, based on distributional data, to be the best
biological separator between the Piedmont and the geographical areas to the east.

Note on tolerance valuesTolerance values for each species are included when available and range-f®@mT@8e lower the value the more sensitivepgcieds to various

forms of pollution. Organisms with high tolerance values can withstand and function in more highly disturbed waters. Hoamyverganisms are sensitive to only certain

forms of disturbance and tolerant of others. Tolerance value, as measured here, refers to overall sensitivity anddisesmioiate between the various forms of water

L2t fdziA2y o ! YRSTAYSRE AYRAOLFGSa (22 TS6 OGSNATAS Pntheli@igattr &f tolerdiie valuds ahd thedNort (i 2
Carolina Biotic Index (a modifiétlisenhoff. ®L @0 LI S &S NBFSNBYyOS [Syl iz mdpdod Iy dzLJRI (i S Rbtdinadsodline2|¥ b 2
at http:// portal.ncdenr.org/web/wg/ess/bau.



L Preliminarylsoperlaldentification- nymphs
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Nymphs are grouped according to similarity of pattern.

S. Beaty

frisoni aal ee spvd

holochlorag

holochlorag
light form dark form

S. Beaty

slossonae a/ 2t feA Wab /piil lata/pseudolata

similis/ cf. fauschi nr. transmarina

pseudosimilisGroups

nr. holochlora davisi















































































































